Atoms and Ions—IV by Thomson, J. J.
326 SCIENTIFIC AMERICAN SUPPLEMENT No. 2055 May 22, 1915 
Atoms and Ions-IV* 
A Comprehensive Discussion Especially as Related to Gases 
By Sir J. J. Thomson, O.M., F.R.S. 
Continued from SCIENTIFIC AMERICAN SUPPLEMENT No. 2054, Page 311, May 15, 1915 
IN opening the fourth of his lectures, the lecturer 
said that he wished to draw attention to cases of ioniza­
tion produced by heating various salts. The prob­
lems here involved had two aspects, according as the 
electricity was liberated from the solid salt itself or 
from the vapor occupying the space immediately above 
it. It was necessary that these two aspects should be 
kept apart and considered separately if clear ideas as 
to the nature of the ionization were to be attained. 
When certain salts were heated there was, he proceed­
ed, a marked production of electricity, the character of 
which was found to depend a great deal on the nature 
of the salt. Where the electricity was liberated from 
the solid salt there was in some cases a marked excess 
of positive electricity, while with other salts it was the 
negative electricity which was in excess. 
Taking a little aluminium phosphate and raising its 
temperature by means of an electric heater, the lecturer 
showed that when a plate connecteq. to an electroscope 
was brought over the hot salt, the electroscope wa::; 
rapidly discharged when its own charge was negative, 
but that the leakage was insignificant when the electro­
scope was positively charged. When aluminium phos­
phate was heated, he proceeded, positive electricity 
was produced in great excess, while with other salts 
::;imilarly treated it was the negative electricity that 
was in excess. Whether the one result or the other was 
attained depended upon the chemical nature of the 
salt, and he had found an interesting connection be­
tween the character of the charge liberated by heating 
and that liberated when the salt was crushed in an 
agate mortar. Most salts, he said, get electrified when 
carefully powdered, and the sign of this electrification 
was the same as that of the electrification produced 
when the salt was raised to a high temperature. It 
would seem, therefore, as if in both cases the electricity 
was due to the tearing off from the salt of a surface 
layer of electricity spread over it. If this layer was 
removed to some extent by powdering or by heating, we 
should get exactly the effects observed. 
It was important in such cases to know what was 
the carrier of the electricity produced. The usual 
method of measuring the mass of the carriers was not 
readily applicable in experiments of this kind, as the 
high temperature would affect the photographic plate 
or phosphorescent screen used. Another plan was there­
fore adopted. A plate connected to an electroscope was 
placed parallel to the plate supporting the heated salt, 
and between the two plates and parallel to them a 
strong magnetic field was established. If the field were 
destroyed, every electrified particle from the salt would 
reach the opposing plate and help to discharge an elec­
troscope connected therewith. On re-establishing the 
field, however, the magnetic force would curl round 
the paths of these particles into circles, and the strong­
er the field the sharper would be the curvature of the 
trajectories. Hence by making the field sufficiently 
strong, the orbits of the particles would be bent round 
so much that none of them reached the opposing plate, 
but fell back on to the salt below. Hence by varying 
the magnetic field, it was possible to pass from a state 
in which all the particles reached the opposing plate to 
one in which none of them did; and the transition was 
a pretty sharp one. Knowing the distance at which 
the particles just failed to reach the plate, the ratio 




where d denoted the distance between the plates, X the 
electric force urging the particles from one plate to 
the other, and H denoted the magnetic field. 
From experiments based on this principle, it had 
been found that when either sodium or potassium was 
contained in the salt heated, the carriers of positive 
electricity were nearly always atoms of one or other 
of these metals. Indeed, Prof. Richardson had gone 
so far as to maintain that atoms of alkaline metals 
were the carriers in all cases, whether the salts were 
or were not supposed to contain sodium, the alkali 
being present, In fact, as an impurity. 
The speaker had himRclf made experiments on the 
nature of the carriers produced when platinum was 
heated, and found for them, in this case, an atomic 
weight of 26, which fitted in very well with the. sup-
•. Reproduced from ETID'_11I(I 
position that the carriers were molecules of carbon 
monoxide. He believed that in the majority of cases 
it was the gases absorbed on the surface of the bodies 
under investigation which provided the carriers, and CO 
was always given off when metals were heated in 
vacuum, and his own experiments supported the view 
that in such cases the carriers were molecules of this 
gas. If the carriers were sodium atoms, the atomic 
weight found should have been 23 instead of the 26 
actually observed. Nevertheless, in cases in which the 
salts under investigation actually did contain sodium, 
Richardson had got very abundant electrification, show­
ing that sodium and potassium were very well adapted 
to serve as carriers of positive electricity, but the lec· 
turer could not accept the view that the carriers were 
in all cases atoms of these metals. 
He would next consider cases in which the electrifi­
cation arose from the vapor of the salt, and could be 
detected even if this vapor were sucked off into another 
vessel, and tested there. This phenomenon had been 
specially studied by Schmidt and Kalandyk, the latter 
working in the Cavendish laboratory. The vapors ex­
amined were those of cadmium iodide, zinc iodide, and 
zinc bromide; these vapors showed a high conductivity. 
and there must therefore have been a separation of the 
positive and negative charges in the molecule. By de­
termining the way in which this conductivity varied 
with the temperature, it was possible to calculate the 
work required to separate the charges, and in this way 
Kalandyk had found for cadmium iodide the value 1.79 
volts, which, it would be seen, was very much less than 
the 5 volts required to ionize mercury vapor. This was 
an interesting instance of ionization being effected with 
a very small expenditure of energy, and apparently 
the ionization of the vapor of this salt might be con­
sidered to be a genuine ionization of a gas, effected 
with an energy expenditure of less than 5 volts. There 
was, however, one suspicious point in the matter-viz., 
that the ionization was greatly increased if a little 
water vapor were present. There were other cases 
in which the presence of water vapor had a marked 
effect on the production of electricity. Thus, if sul­
phate of quinine were heated to about 180 deg., and 
allowed to cool, it gave out electricity, if the cooling 
took place in such conditions that water vapor could be 
absorbed, but none if water vapor were excluded from 
the cooling salt. In all these phenomena we found 
throughout the enormous influence exerted by the pres· 
ence of difference substances. When the greatest pre­
ca utions were taken to purify the bodies under investi­
gation it was found that in many cases the effect dimin­
ished to a mere fraction of its original value. For ex­
ample, the purer aluminium phosphate was the less wa" 
the electricity produced on heating it. Again, Pring 
and Parker had found that by taking extraordinary 
care to get rid of the gases oecluded by carbon, the 
ionization produced by heat was diminished to less than 
one millionth of it� original value. 
All through these observations the importance of mix­
tures was, in fact, very evident, and in all these cases 
we were perhaps in the presence of the oldest type of 
ionization known-viz., the electrification produced by 
friction of dissimilar hodies. This was the original 
method of producing electricity, and as yet but little 
definite was known about it. 
The hypothesis which for the present fitted in best 
with the facts observed was that when two different 
molecules came sufficiently close to each other, there 
was a tendency for negative electricity to pass from 
one to the other. In general, however, sufficient energy 
was not available to separate the positive and negative 
charges from each other to any appreciabl\: eJ!:;te�t; but 
the bond between the two had, as it were, been cracked, 
and the operation could then be completed by brute 
force, applied either mechanically or by heat treatment. 
Volta was not able to show the electricity produced 
by contact of copper and zinc, but on pulling them apart 
again-an operation requiring the expenditure of work 
-the effect produced was large enough to affect even 
his comparatively insensitive instruments. On this 
view, the putting of two different molecules together 
Rerved as a delicate tool capable of starting the joint 
hetween the charges, putting them into a state in which 
the separation could be completed by "unskilled labor" 
in the shape of friction or heat. This viewpoint made 
obvious the great effect on electrification to be expected 
from the presence ot impuritIes In the bodies under 
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examination. Thus the hydrogen occluded in charcoal 
coming into contact with the molecules of carbon pro­
duced a difference of electrical condition, and then a 
supply of heat furnished the energy necessary to sep­
arate the positive and negative charges to an appreci­
able extent. 
Ha ving considered so far what different agents pro­
duced ionization, the lecturer said he would next dis­
cuss a case in which electrification was observed, but 
of which the origin was most obscure. Ordinarily ail' 
was regarded as devoid of conductivity, being a typieal 
insulator. Nevertheless, very delicate experiments had 
shown that ordinary air did possess a certain amount 
of electricity, though not very much. To demonstrate 
this the lecturer sucked a large quantity of air through 
a tube, along the center of which was a wire connected 
to an electroscope, the wall being earthed. On setting 
the pump to work, the electroscope showed a very slight 
but continuous loss of charge, which stopped on stop­
ping the pump. The conductivity which caused thh; 
loss of charge was, the lecturer said, in part due to the 
presence of radium or its emanation, which, in fact, 
was responsible for about half the conductivity found 
in the air of an ordinary room. If, however, the con­
ductivity was measured of the air inside a box with 
very thick walls of lead, thus screening out any action 
of radium, some conductivity was still to be observed. 
Similarly, if the state of the air was measured in mid­
ocean, near the center of a frozen lake, or in other 
places where the effects of radium were excluded, this 
residual conductivity was always perceptible. Meas­
urements made nearly all over the world showed, more­
over, that this residual conductivity was much the 
same everywhere, from Canada to near the South Pole. 
In amount it corresponded to the production of four 
ions per second per cubic centimeter of air. This might 
seem so small as to be ridiculous, and, in fact, the year's 
birth-rate of ions against the molecules of air was less 
than one in a million, but this residual conductivity 
was, nevertheless, one of the most interesting problems 
now under consideration. 
These four ions per cubic centimeter per second were 
produced whatever the region of the globe in which 
the experiment was made, and whatever the material 
of which the box was constructed, and this occurred 
with the walls so thick that no radiation of which we 
had as yet any experience could penetrate from the 
outside. How these ions were produced was the prob­
lem. It might be thought that they were caused by 
molecular collisions, since by the kinetic theory of 
gases particular particles might possess an abnormal 
energy, sufficient, perhaps, to liberate electricity on 
colliding. On this hypothesis, however, the rate oj' 
ionization should increase very rapidly with a rise of 
temperature, but apparently temperature changes had 
no appreciable effect. Throughout a range extending 
from 0 deg. Cent. to 180 deg. Cent. the number of ions 
produced was practically constant, whereas did they 
originate in a bombardment by exceptionally quick 
molecules, the rate of ionization should have been far 
more at 180 deg. Cent. than at 0 deg. Cent. 
What the explanation might be was a matter of ab­
sorbing interest. The conductivity could not be due to 
a special radiation from the walls of the vessel, as the 
ions were produced at the same rate per cubic centi­
meter whatever the size of the vessel, although in small 
vessels the ratio of wall area to cubic content was great­
er than it was in large vessels. At present, indeed, the 
whole matter was a mystery. Perhaps the gas itself 
gave out something like Rontgen radiation, which was 
not affected by temperature changes, or possibly it 
might be due to some other gas or compound mixed 
with the air in very small quantities, which could be 
ionized at ordinary temperatures. At present, however, 
we had no light on the source of these four ions per 
cubic centimeter per second, which were generated in 
ordinary air, after all external influences were screened 
out. It would, the lecturer said, be very interesting to 
try how this residuill conductivity varied with the 
nature of the gas, but so far as he knew no experiments 
had yet been made on this head. 
In town air, or in other places where there was much 
dust, the ions produced were mostly absorbed by the 
rlust, and the electricity was borne by these dust par. 
ticles, and not by the molecules. Experimenting at 
Paris, -Langevin had found that there were ten times 
as many ions caught by the dust lUI remaIned ftee as 
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molecules of air; while in the open country, where there 
were comparatively few dust particles, the elcctrieity 
was much more mobile, being carried by molecules. A 
peculiarity found by Langevin was that there were no 
ions intermediate in size between molecules and great, 
heavy things like dust partieles. Under a field of 1 volt 
per celltimeter "molecular" ions would move at the rate 
of 1 eentimeter per second, while the "dust" ions in the 
same field would only move at the rate of 1/1,000 milli­
meter per second. Lallgevin had used a very ingeniom; 
method of determining the type of particle present. 
Passing a stream of air through a tube aeross which an 
eleetrie field was established, the particles were im­
pelled toward the wall. With a certain strength of 
field all the particles of a particular size within a given 
distance from the wall would be drawn down and cap­
tured before they escaped from the tube. By inerp:lsing 
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whole of the ions were removed would be increased, 
and, finally, a certain stage would be reached at which 
all the ions of that kind contained in the flowing 
stream would be removed. Up to this stage, assuming 
one kind of ion only to be present, the number captured 
• 
would be proportional to the electric force, so that a 
graph between this force and the number of ions cap­
tured would have the fonn indicated in the annexed 
diagram by the ABC. At the point B the whole of the 
ions would have been taken out, and no further increase 
in the electric force would raise the number captured. 
'l'here would thus he a sharp kink at the point B. If 
the ions had been of a more slowly moving kind, a flat­
ter curve, such as represented by A G H, would be ob­
tained, the kink at G denoting the point at which all 
these heavier ions had been captured. If, however, both 
kinds of ions were present in the air, the combined 
curye, having the two kinks I J, would be obtained. 
Each kink, in fact, denoted the existence of a different 
kind of ion, and Langevin's curve contained two kinds 
only, showing that only two types of ions were present, 
one being gaseous molecules, the other particles of dust. 
(To be continued.) 
How Much Albumen IS Needed In OUf Diet?* 
Interesting Results of Some Extended Experiments 
PROF. MAX RUBNER asserts that tne quantity of albu­
men required to keep the human organism in balance 
vnries with the charaetN of the diet, because the albu­
mens of foods differ in nutritiye value, so greatly that 
a man requires 81 grammes of the albumen of bread 
for his daily needs, which are satisfied by 25 grammes 
of the albumcn of meat. This statcment is based on 
e);periments in which men were fed on bread nloDe for 
three days. '['he minimum daily IORS of nitrogen in the 
urine was 13 grammes, the qnflntity contained in 81 
grammes of albumen. Hence Rubner concludes that 81 
grammes of albumen must be assimilated daily; 81 
grammes of digestible albumen COITPsponrl to 90 or 100 
grammes of total albumen. The minimum ration, how­
PH'1" should be somewhat exceede(l ill a slandard diet, 
and so Rubner approves VoH's old daily allowance of 
118 grammes of nlbumen. 
The statement that 81 grammes of albumen daily are 
required in a diet of bread alone has become a corner­
stone of dietetic doctrine. As my earlier experiments 
with this diet had shown that the daily elimination of 
nitrogen could fall much below 13 grammes, I decided 
to invcstigate the qUPRtiOll thoroughly. For this pur­
pose two strong young men, 27 and 22 years old, were 
fed almost exclusively on bread, or on bread and fruit, 
for six months, from January to July, 1m:,:. The ex­
periment was divided into periods of about twelve days 
each. It began with three periods of a pure bread diet. 
In the first period the mean daily excretion of nitrogen 
was 9.9 grammes, the amount decreasing from 11.8 
grammes on the first day to 8.S grammes on the twelfth 
day. The mean daily intake of nitro.gen in the food 
was only 9.6 grammes, so there was a mean daiJy loss 
of 0.3 gramme. In the second period the mean daily 
excretion was 7.6 grammes and the intal,e :"1.1 .grammes. 
showing a gain of 0.5 gramme. In the third period the 
excretion was 7.3 grammes, the intake 7.4 grammes, the 
.gain 0.1 gramme; 7.4 grammes of nitrogen correspond 
ttl 46 grammes of digestible albunH'II. a quantity very 
much smaller than Rubner's 81 grammes. 
Tn a research of this character a three days' test is 
utterly worthless, because it takes the organism from 
six to twelve dnys to corne into efjuilibrium \yilh a new 
alhumen ration. 
The equilibrium was mninlaillP(l. eyen when the :!11111-
men in the pure bread diet had been reduced to 46 
grammes daily. I could not reduce it further, a l tJHl11gh 
I used rye very poor in albumen, coarsely ground and 
unbolted, so that about 40 per ccnt of its albumen was 
lost in the feces. The experim ents, hmyeYN. provpd the 
practically important fact thnt a pure brend dipt snffi­
cient for general nntritioll fmpplies enough albumen to 
cover the (lail.I' outgo. 
'l'heoretirall�'. it woul<1 be illteresting to illYestigatp 
the possibility of mnintnining crluilibrilllll with n :"till 
smaller qmlIltit�' of albumen. Tn some old experimentR 
of this sort the subjects were fed on brea d made of 
starch, but the bread was so T)()Or that no suhjpet could 
eat it for a long period. Tn other experimentR sngar, 
stareh and fat, prepared in \'arions \yny", were used, 
but this diet produced n:lUsc:l. hear t hurn. gaRtric pains, 
and diarrhcea. Nobody appcnrs to have thought of the 
simple expedient of adding fruit to a bread diet. Rtraw­
berries, prunes, and other fruits contain littlc alll1l111en 
and almost no digestible nlbumen. and they can be cfllp11 
in lnrge quantities. A very palatable dish can be llI:ulP 
of prunes, starch, and sugar. I found that a rlict of 
this sort never caused digestive troubles. A typical 
daily ration comprised about 171h ounces (500 grammes) 
of whole rye bread, 20 ounces of prunes, aTHl 2% Ol1lWCS 
• Abstract of Dr. IIindhede's article in Die Um8c]Jau. Trans­
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ench of sugar, starch, and margarine. This ration con­
tained 8.4 grammes of nitrogen, of which only 3.5 
grammes were assimilated, the remainder being ex­
creted by the bowels. But still t.he body gained nitrogen 
slightly, for only 3.4 grammes appeared in the urine; 
3.5 grammes of nitrogen correspond to 22 grammes of 
albumen. This is little more than one quarter of Rub­
ner's minimum (81 grammes) and is even less than his 
minimum allowance of meat albumen (25 grammes). 
Rimilar results were ohtained in several experimental 
periods. The albumen of bread, therefore, is equal to 
the albumen of meat in nutritive value. 
Tn earlier experiments, in which two subjects lived 
for a whole year entirely on potatoes and margarine, T 
found the minimum daily ration of albumen to be 2 0  
to 2 5  grammes. This result also indicates that vege­
table albumen is equal to animal albumen in nutritive 
value. 
It may be asked whether my subjects remained 
healthy and vigorous on these diets. Rubner asserts 
that deprivation of albumen produces sluggishness, 
weakness, and unwillingness to work. If 81 grammes 
of albumen daily are required to maintain muscular 
strength, my subjects had good reason for weakness. 
In 162 days one of them received only 5,267 grammes 
of, digestible albumen, instead of the 13,122 grammes 
corresponding to the daily minimum of 81 grammes. He 
should, therefore, have lost 8 kilogrammes of albumen, 
corresponding to 40 kilogrammes, or 88 pounds, of 
muscle. 
This is more muscle than he possessed at the start 
and, as loss of any considerable proportion of the mus­
cular weight is fatal, he Rhollld. theoretically, have died 
several times in the course of the experiment. This 
man, Frederik Madsen, has now lived for twelve years 
on a vegetable diet exceedingly poor in albumen. Dur­
ing the last eight years he has scarcely tasted milk or 
eg.gs, which many vegetarians commme in large quan­
tities. and has very seldom eaten beanR or peas. For a 
whole year he lived on margarine and potatoes, which 
l1suall�' contained only half of the normal pcrcentnge of 
albumen. In the following year he submitted to the I"ix 
months' test described above. On Sundays and holi­
dn�'s. when he is not employed in my laboratory in 
\'openhn.gen, he works as a gardener, partly in order to 
earn money, partly for the sake of exercise. His capac­
ity for work is so remarkable and so well known that 
h� easily finds employment at high wages. During the 
spring of 1m:,:. in the course of the fl'::::: months' test, 
he worked in this ,,'ay at a villa several miles from the 
city, going and rplllrning on his bicycle, and working 
from one hour after sunriRe until darkneRs compelled 
him to stop. withont taRting foorl (AR a rule hp nC\'el' 
0n1R du ring working hours, except nt my request, nll(l 
hf' haR never been induce(l to drink anything hnt 
watcr,) HiR employer testifiPR that work s0emed pIny 
to him. and that he accomplished an astonishing amount 
of it. with never-failing cheerfulness and good humor. 
Tn order to test the powers of the other and youngPI' 
Rubject I allowed him, after the pxperiments were fin­
ished, to take part in n "Marathon" race of 262 miles. 
although, as he was entirely untrained, 1 did not expect 
him to ('omplpte the course within the time limit of 102 
hourR. He did so, IH),,-cypr. in !l!l hOIUR. 
A diet poor in nlhumpn appenrR to incT"pase endl1r­
ance. T have nevpr hpard of a great meat cater winning 
a long-distance race. 
It cnnnot be denied that meat "taRtes good" to most 
persons, or that it stimUlates metabolism. acceleratcs 
o,irlntion. and thus produceR a temporary fpE'ling: of 
wllrmth and comfort. TIut the or.ganR SPf'1I1 unable til 
endure this stimulation for long periods. The mortality 
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from diseases of the liver, kidneys, and bowels is three 
Ol' four times greater among well-to-do city dwellers 
than among peasants living chiefly on bread, potatoes, 
and fat. The Eskimos, who eat large quantities of 
meat, seldom attain the age of 60 years, and the mor­
tality between the ages of 50 and 55 is four times 
greater in Greenland than in Denmark. 
I am not a strict vegetarian, but I eat very little 
meat. My experiments have proved that health and 
strength can be maintained on a diet of whole grain 
br('ad, fat, potatoes and fruit, and experience bas 
proved the same thing a thousand times. This fact 
possesses great interest in these times of threatened 
scarcity of food. Army rations are sometimes unsatis­
factory because they are too complex. The Arabs live 
on bread and bananas and exhibit an endurance that 
the French and Italians find difficult to overcome. The 
daily ration of the Sikhs of India, reputed to be the 
best soldiers in the world, consists of about one pint of 
milk, 25 ounces of meal, 2 ounces of butter, 4 ounces of 
beans, and 51h ounces of potatoes. They eat meat only 
two or three times a month. 
Measurements of Radium 
IN the recently issued circular of the B ureau of 
Standards on fees for various tests and investigations 
the following information in regard to radium is given. 
As recommended by the International Commission 
on Radium Standards, all determinations of the radium 
content of hermetically sealed specimens are based upon 
a comparison of the penetratin.g gamma radiation of 
the specimens with that of the standard. 
This penetrating radiation proceeds not from radium 
itself, but from radium-C, one of the disintegration 
products of radium. Consequently, if the products of 
disintegration are entirely removed when the salt is 
sealed, there will at first be no penetrating radiation 
wh:tlm'er; a measurement will give no indication of 
thp presence of any radium in the specimen. Owing 
to the continual disintegration of the radium atom, the 
lH'oduets of rlisinte,!:!"ration will at once begin to accumu­
late and at the end of four days radium-C and com�e­
fmently its penetrating radiation will have reacherl 
:thont one half of itR equilibrium value; and at the eml 
of a month it will he within a half of a per cent of 
its cqnilihrinHl valne. After equilibrium iR reached the 
amount of rartium-C in the Rpecimen remains constant: 
or, rather, to be exact, it decreases at the same rate as 
rurlinm disintp.e:ratcs. namely, about one half in 2,000 
years. 
On the oth0r hand. if only radium emanation (a 
,!:!"nSf'llnS diRintcgration prmlnct of radinm) is sealer] 
in a tuhe. the a lllOl1nt of ra(linm-C which is in eqni­
lihl"illlll with the nmount of pmanntion will be formed 
alll1Of;t imlll('(liately. amI an ollsPl"I'ntion will show the 
pr0S 0nce of a 11 intensity of the penrtrating radiation 
which is eqnal to that ell1itt('(l hy a tuhe which contains 
a ('prl'ain amount of radium and whirh hns been sealprl 
for over a month. That is, a tnhe containing 110 radium 
may give a penetrating radiation pqna 1 to that given by 
a tube containing radium. 
If the tube containing only radium 011lanation and itR 
disintegration proc1uctR is, ohserverl again, fonr da�'� 
laj('1". its penetrating rarliation will he fonnrl to he only 
one half of whnt iFwmi hrf01'0: aftpr a month the radia­
tion will have practically diRappcarc(l. 
Thus, it is evident that no ('()J1('inRioli :tR to tho 
amount of radium i n  a tube can he (lra"'ll from Illef1R­
nrpmentR made upon a single rla�'. The artual amOl11d 
of rnrlinm may be eithpr grpater or If'sR than thnt inrlL 
r'ntp(l hy tllP ohserv('(l int01lsity of thp pcnpt.rnting rarlia­
tion. 
